Purpose Although open reduction and internal fixation is currently considered the gold standard in surgical treatment of displaced intra-articular calcaneal fractures, various different approaches exist including the limited lateral approach. The aim of this systematic review was to combine the results of studies using the sinus tarsi approach, which is the most frequently applied limited lateral approach. Method A literature search in the electronic databases of the Cochrane Library and Pubmed Medline, between January 1st 2000 to December 1st 2010, was conducted to identify studies in which the sinus tarsi approach or a modified sinus tarsi approach was utilized for the treatment of displaced intraarticular calcaneal fractures. The methodological quality of the included studies was assessed using the Coleman methodology score. Results A total of eight case series reporting on 256 patients with 271 calcaneal fractures was identified. Overall good to excellent outcome was reached in three-quarters of all patients. An average complication rate of minor wound complications of 4.1% was reported and major wound complications in 0.7%. The need for a secondary subtalar arthrodesis occurred at an average rate of 4.3%. The average Coleman methodology score was 56.8 (range 39-72) points. Conclusion The results, i.e. functional outcome and complication rates, of the sinus tarsi approach compare similarly or favourably to the extended lateral approach. Therefore, in the process of tailoring the best treatment modality to the right patient and the right fracture type, the sinus tarsi approach might be a valuable asset.
Introduction
The treatment of displaced intra-articular calcaneal fractures is divided into conservative and operative management. The latter consists of open reduction internal fixation (ORIF), percutaneous reduction internal fixation (PRIF), and the primary arthrodesis (PA).
Conservative treatment, functional or using Plaster-ofParis, might be considered in fractures with little displacement or compromised soft-tissues, as well as in patients with physical contra-indications (e.g., diabetes [16] , peripheral vascular disease, obesity [1, 47] , smoking [1, 3, 16] ) or psychological (e.g., low anticipated compliance, substance abuse [13] ). Since the mid 1990s, ORIF has been considered the gold standard treatment for displaced intra-articular fractures of the calcaneus by most experts, as it generally provides good to excellent functional outcomes and the ability to anatomically restore the subtalar joint [39] . Several open surgical techniques have been described in the past, of which the extended lateral approach has been applied most frequently [5, 7, 40, 56] . The main disadvantage of the open repair is the rate of wound complications, which may occur in up to 30% of patients [2, 29] . Alternative surgical approaches to the calcaneus include the limited lateral [10, 30] , obtuse-angled [26] , the medial [8, 9] , combined lateral and medial [27, 38, 50, 51] , plantar [37] , Kocher approach [36] , U-incision [36] , and limited posterior (Gallie) approach [17, 35] . The limited lateral approach has been described in various modifications: Palmer approach [31, 34] , Smileincision [54] , Ollier approach [36, 44] , and the sinus tarsi approach (Fig. 1) [10, 21, 24, 45, 48] .
The primary aim of the current review study was to assess the functional outcome of the sinus tarsi approach, and to compare the results with the extended lateral approach, which is currently considered the gold-standard. Secondly, the complication rate was compared between both approaches.
Method
A literature search was conducted to identify studies in which the sinus tarsi approach or a modified sinus tarsi approach was utilized for the treatment of displaced intraarticular calcaneal fractures. The electronic databases of the Cochrane Library and Pubmed Medline were explored between January 1st 2000 to December 1st 2010 using the combination of the following search terms and Boolean operators: 'sinus' OR 'sinus tarsi' OR 'limited' OR 'approach' OR 'lateral' AND 'calcaneus' OR 'calcaneal' OR 'calcis'. The restriction in publication date was applied to obtain insight into current practice. Manuscript language was restricted to English, German, and Dutch literature. Publications were requested at the university medical (internet) library and reviewed. In addition, a comprehensive search of reference lists of all identified articles was conducted to find additional studies. An article was found eligible when it concerned (1) the surgical treatment of displaced intra-articular calcaneal fractures, and (2) when it used the sinus tarsi approach or a modification of this limited lateral approach.
The studies concerning the sinus tarsi approach were tested for their methodological quality according to the Coleman Methodology Score [12] . This score was described by Coleman et al. in 2000 and assesses a study on ten items for its methodological quality with a minimum of zero points (worst quality) to 100 points (best quality with low influence of bias, confounding factors and chance) [12] .
Results
A total of eight case series concerning the treatment of displaced intra-articular calcaneal fractures using a sinus tarsi approach could be identified in the literature (Table 1) [14, 15, 18, 22, 25, 32, 49, 53] . Two of these studies used a more extensile sinus tarsi approach [15, 18] . Additionally, one case report was identified, which was added for completeness, but left out of further analysis [46] .
Literature review
The eight case series reported on 256 patients (average 32.0 per study; range 13-99) with 271 calcaneal fractures (33.9 average per study; range 13-106). The weighted average follow-up reported in five studies was 32.9 months (range 19-52 months).
With the exception of one study [25] all fractures were classified according to the Sanders computed-tomography classification system. The Sanders CT-classification uses the (semi-) coronal reconstruction, where the posterior subtalar (Fig. 2 ). There were two Sanders type-1 (0.8%), 157 type-2 (60.6%), 75 type-3 (29.0%), and 25 type-4 (9.7%) fractures.
The functional outcome was assessed using the American Orthopaedic Foot Ankle Society hindfoot (AOFAS) score in two studies [14, 53] ; these studies showed a good plus excellent result in 75.5% and 84% of cases. The Maryland Foot Score (MFS) was applied in two studies reporting a good plus excellent outcome in 75% and 74% [25, 49] . The Creighton-Nebraska (CN) score was applied in one study, which reached a 77.8% good plus excellent outcome [32] . And one study used the Functional Outcome Assessment (FOA) which resulted in 59.4% good and excellent outcome [18] . Overall good to excellent outcome was reached in three-quarters of all patients. Three studies reported on return to work [14, 18, 25] . Ebraheim et al. reported an 80% return to work, with four out of five to their pre-injury occupation [14] . In the study by Geel et al., 92% went back to work, with most returning to the same job [18] . Hospodar et al. reported that 75% returned to work within six months [25] .
Outcome correlated with the Sanders classification (type-2 best outcome and type-4 worse than type-3) in two studies [14, 49] . Accuracy of reduction was mentioned in all eight studies; an accurate reduction of Böhlers angle was reported in 72% by Ebraheim et al. [14] . The reduction of the posterior facet was accomplished in 74-100% of cases. Three studies reported on the need for a secondary subtalar arthrodesis, at a rate of zero [53] , 3.0 [18] and 5.6% [14] , with an average of 4.3%. No correlation between accuracy of reduction and outcome was found by Ebraheim et al. and Geel et al. [14, 18] . However, Mostafa et al. found a correlation between improved outcome in cases with less arthrosis and better restoration of height [32] .
Wound complications were reported in all studies and ranged from 0 to 15.4% (average 4.8%). Minor wound complications encountered were two times a wound dehiscence, four cases of pin tract infection [14] , and five cases of superficial infection (average 4.1%). Major wound complications were two deep infections or osteomyelitis (average 0.7%). Concerning the latter complication, one patient with peripheral vascular disease and diabetes needed a below knee amputation [15] . Hardware removal due to complaints was reported in four studies and varied between approximately 10 and 40% [14, 18, 49, 53] . Considering nerve injuries from the approach only the sural nerve was mentioned in five studies [14, 18, 32, 49, 53] . In total, one spontaneously resolving sural neuritis was encountered [14] . Two studies reported on a comparison to the extended lateral approach, both with a historical control group. Hospodar et al. found a 75 versus 13% good to excellent result when comparing the sinus tarsi approach and the extended lateral approach using the MFS [25] . Using the AOFAS score, Weber et al. reported on a good to excellent outcome in 84 versus 66 also in favour of the sinus tarsi approach [53] .
Coleman methodology score All but one study had a retrospective design; the case series by Mostafa et al. was prospective [32] . The average Coleman methodology score (Table 2 ) was 56.8 (range 39-72) points.
Discussion
The present review study reports on the results of eight studies in which displaced intra-articular calcaneal fractures are treated using a sinus tarsi approach. Depending on the outcome score used, an overall good to excellent result was reached in threequarters of cases, with an average wound complication rate of 4.8%. The average secondary arthrodesis rate was 4.3%.
Outcome compared favourably to the extended lateral approach in historical control groups in two studies [25, 53] . However, Hospodar et al. provided no characteristics of the extended lateral approach control group [25] .
Comparison of the combined results of this study with large studies (n>100 patients) of the last decade using an extended lateral approach can be broken up into four Scores for each of the ten methods were criteria for studies reporting the results of displaced intra-articular calcaneal fractures treated via a sinus tarsi approach categories: functional outcome, wound complications, the need for a secondary arthrodesis, and sural nerve injury. A good to excellent result in studies using the extended lateral approach ranged from 70 to 88% using various outcome scores [4, 33, 55] and an AOFAS score of 83 out of 100 points in one study [28] . Considering wound complications, Weber et al. found no statistical difference in wound complications [53] between the limited and extended approaches. Concerning the literature on the extended lateral approach, superficial infections and minor wound complications occurred in 6.6-19.7% [7, 13, 23, 28, 55] and deep infections occurred in 0.5-5.6% [6, 7, 13, 23, 55] . Secondary subtalar arthrodesis rates reported, in studies with adequate follow-up following an extended lateral approach, were 4.2-5.6% [7, 55] . The number of injuries to the sural nerve was low in the sinus tarsi approach. Weber et al. reported zero nerve injuries in the sinus tarsi approach and 7.7% in their patients treated via the extended lateral approach [53] . In the literature on the extended lateral approach percentages up to 10% are reported [11, 29] . This difference lies in the fact that the sural nerve is at risk both at the proximal and distal end of the extended lateral approach (Fig. 3) . The combined results of the studies with a sinus tarsi approach score similar on outcome and the need for a secondary arthrodesis, but they compare favourably on superficial and deep wound complications and sural nerve injuries.
The included studies concerning the sinus tarsi approach were tested for their methodological quality according to the Coleman methodology score [12] . The Coleman methodology score is highly reproducible between observers [52] based on the CONSORT guidelines for randomized trials [19] . The average Coleman methodology score in the present study was 56.8 points (range . This score has been previously used in surgical foot and ankle disorders [19, 20, 52] , which reported average Coleman scores between 41 and 62. Studies have shown a positive correlation between publication date and Coleman score, indicating improvement in study methodology over time [12, 52] . In these studies there was also an inverse correlation between the Coleman methodology score and reported outcome, i.e. studies with lower methodology scores reported higher outcomes [12, 52] . Improvements in the quality of research can be realized, taking the items below into account.
1. Study type and characteristics. Only one study had a large enough sample size [14] and half of the studies had adequate follow-up. Most studies in this review were retrospective, with the exception of one study by Mostafa et al. [32] . Two studies used a historical control group, but only one compared baseline characteristics between both groups [53] . In order to settle the discussion whether or not the sinus tarsi approach yields comparable results to the extended lateral approach more high quality (level 1 and 2) studies are needed. 2. Outcome criteria and assessment. Most studies reported on outcome using a disease-specific functional outcome score. However, four different scores were applied. None of the studies used a generic quality of life score (e.g. Short Form-36). The AOFAS and the MFS score have been shown to have some reliability and validity [42] . Future studies will preferably show more uniformity in the use of outcome scores and include a generic quality of life score and/or a patient-based visual analogue scale on overall satisfaction with outcome [42] . 3. Diagnostic certainty. All studies used pre-operative conventional radiographic imaging and computed tomo graphy. They were uniform in the use of the Sanders fracture classification, which has shown to correlate with outcome in several studies [43] . Future studies should, at least, include the Sanders classification.
Even though the sinus tarsi approach does not compare negatively to the extended lateral approach in experienced hands, the supporters of the extended lateral approach caution against its use [41] . They fear less anatomical reductions and consequently worse outcome [41] . A well designed randomized trial might settle this discussion, until that time the limited lateral sinus tarsi approach might be useful in selected cases and in patients with increased risk of complications with the use of the extended lateral approach.
In conclusion, the results of the sinus tarsi approach compare similar or favourable to the extended lateral approach, and in the process of tailoring the best treatment modality to the right patient and the right fracture type the sinus tarsi approach might be a valuable asset.
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